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ABSTRACT
Comparison of Solutions to Reduce Air Quality Impacts to Environmental Justice
Neighborhoods
by
Rebecca Merrell, Master of Bioregional Planning
Utah State University, 2021

Major Professor: Dr. Brent Chamberlain
Department: Landscape Architecture Environmental Planning
Air quality is a complex problem with as many potential solutions. The objective
of this thesis is to identify solutions that will create cleaner air for Environmental Justice
Communities in Barstow, California. California is now requiring cities to create plans for
air quality improvement and this thesis strives to try to evaluate the effectiveness of
options cities may use. There are many solutions that claim they will improve air quality
but few comparisons on the feasibility for a town to implement them.
This thesis explores the effectiveness of three types of vegetation solutions, three
types of mechanical air filtering solutions, two types of zoning solutions, a local sales tax
solution and freeway walls. The study site was a small desert town in southern California
with a large low-income population and several air quality problems blown in from other
regions. The solutions were analyzed for their effectiveness on this site and the ability of
the local government to be able to enact them.
(116 pages)
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INTRODUCTION / BACKGROUND

The objective of this thesis is to identify which policy and legislation may have a
positive effect on air quality for low-income environmentally disadvantaged
neighborhoods also known as “environmental justice neighborhoods”. A small
municipality has a limited budget and needs to weigh multiple factors before
implementing policy. This thesis will weigh various factors and determine which policies
may work for the small desert city of Barstow California.In 2018, the California
Legislature mandated that all California General Plans must include an "environmental
justice” section (State of California, 2021). In this new environmental justice section of
the general plan cities must address the needs of the disadvantaged populations within
their boarders. The legislature established five general guidelines of what should be
addressed:
·

Reduce pollution exposure, including improving air quality

·

Promote public facilities

·

Promote food access

·

Provide safe and sanitary homes

·

Provide physical activity
These guidelines inspired several other questions, including "How can a city

improve air quality?” “What methods are effective?” And, “With limited time and
resources which of the many options should be focused on?” This thesis strives to answer
these questions. The following outline provides a summary and sets expectations for each
of the subsequent chapters.
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Chapter 2 is the literature review. It provides an overview of the history of each
controlled substance from the Clean Air Act, then compares California’s environmental
justice definitions to the general environmental justice movement. The paper provides
brief overview of potential air improvement solutions seen in the literature. Finally, the
five categories explored in this paper are given a deeper examination.
Chapter 3 introduces Barstow, California as the study site. Like all places,
Barstow has unique conditions. Here, the paper explores the conditions relevant to the air
quality solutions explored in this paper, including weather, pollution, demographics, and
respiratory health ailments.
Chapter 4 explains Multi-Criteria Analysis, which is used as the analytical method
of rating air quality solutions. Each air quality solution was evaluated in the following
four categories:
1. Ability to reduce local air quality hazards
2. Technical Feasibility
3. Financial Feasibility
4. Social Benefit
Chapter 5 provides detailed information on ten specific solutions for air quality
improvement. The solutions are each judged according to criteria laid out in Chapter 4.
Chapter 5 includes maps which detail potential locations to implement solutions, and
general instructions on implementing probable policy changes.
Chapter 6 provides the Multi-Criteria Analysis chart ranking as done by this
paper’s author. This chapter also contains a short summary of the likelihood of using
each solution in Barstow, with a timeline for potential implementation.
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LITERATURE REVIEW

Air Quality
In the United States, the Clean Air Act was enacted into law in 1967 (US EPA,

2016e). The clean air act was the first acknowledgement by the federal government that
some substances in the air can be harmful to human health and it creates penalties for
producing too much of certain harmful substances. The production levels allowed for air
pollutants by the Clean Air Act have steadily decreased in the United States with
knowledge, regulation, and improved technology.
It can be difficult to comprehend the fractional levels of pollution that will be
discussed in this paper. To try to put it into perspective someone with asthma will begin
to have lung constriction when inhaling air with SO2 at 200 parts per billion (Carlsen et
al., 2021) or in other words a concentration of 0.00002%.People who live near major
roadways or air pollution sources are statistically more likely to have respiratory and
other cardiovascular issues (Dockery et al., 1993; Gan Wen Qi et al., 2011; Salam et al.,
2008). The following list gives the 2020 tolerances for air pollutants in the Clean Air Act
from the smallest to the largest amount allowed:
•

.15 ug/m3 Lead

•

12 ug/m3 PM 2.5

•

.07 ppm for Ozone (O3) (.07ppm= 70ppb)

•

75ppb for Sulfur Dioxide (SO2)

•

100ppb for Nitrogen Dioxide (NO2)

•

150 ug/m3 PM 10

•

9ppm Carbon Monoxide
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What follows is a brief examination of each of these pollutants for the purpose of
demonstrating the importance of each and the reasons for the restrictions placed on them.
Most of these compounds are not at levels considered hazardous in the study area and
will only briefly be explained. Focus is given to Ozone and Nitrogen because they are
chemically linked and are found to be high in the study area as well as PM 2.5 because
CalEnviroScreen has found diesel PM 2.5 is high in the focus area code within the study
site. As there are several types of PM 2.5, PM 2.5 will be explained and there will be a
separate section to help the reader understand diesel PM.
2.1.1

Lead (Pb)
Lead (Pb) is extremely harmful to

human health and damages the nervous
system (Sampson & Winter, 2016). Lead
was in motor gasoline from 1921-1980. In
Figure 1 it is shown that lead was high in
the 1980’s when studies of it became

Figure 1 – (US EPA, 2016c) National average of
lead in the air from 1980 to 2019.

common. The numbers quickly dropped in the 1990’s as bans on it began, and a
nationwide ban in gasoline was enacted in 1996 (US EPA, 2013), (US EPA, 2016c).
Leading causes of lead in the air today are lead smelters, lead-acid battery manufacturers,
ore and metal processing, and leaded aviation fuel (US EPA, 2016a).

COMPARISON OF SOLUTIONS
2.1.2

5

Carbon Monoxide (CO)
Carbon Monoxide (CO) binds

more easily to a blood cell than oxygen.
At high levels, it causes death due to
oxygen depletion (Mao et al., 2021). High
but not deadly levels CO may cause health
issues like heart damage (Koga et al.,
2021). CO emissions from vehicles are

Figure 2 – (US EPA, 2016b)National Standard is
the Clean Air Act. National average of CO The
white line which has decreased by 85%. The
blue area includes various local datapoints.

highly regulated (US EPA, 2016b). Due to this regulation, the amount of ambient CO in
the United States has significantly dropped (See Figure 2).
2.1.3

Sulfur Dioxide (SO2)
Sulfur Dioxide (SO2) is corrosive and SO2 exposure is typically associated with

immediate negative respiratory outcomes, usually, irritation and inflation of the
respiratory tract (Boulder County, 2021). A recent study by Carlsen (2021) showed that
increased levels of SO2 from a volcano’s eruption created a nearly 23% increase in
respiratory emergency room visits in affected areas (Carlsen et al., 2021). Carlsen
mentioned another study on the long-term effects on rabbit lungs where levels of 100
μg/m3 for the duration of two hours altered the pulmonary immune system clearing
mechanisms. Studies from Brazil indicated that increased levels of PM 10 and SO2 had
the strongest correlations between respiratory emergency room visits for the elderly and
for women (Arbex et al., 2009).

COMPARISON OF SOLUTIONS

6

The push to control Sulfur and
Nitrogen (see Section 2.3) compounds
from combustion started in the 1970’s
because of environmental damage from
acid rain (McHale et al., 2021; TED-Ed,
2021). Later studies disclosed negative
mammalian health effects. Fortunately,

to 2019

Figure 3 – SO 2 National average from 1980

SO2 levels in the United States have improved in the last 20 years (See Figure 3), and
acid rain is no longer a major concern in the United States (TED-Ed, 2021). It remains a
problem for many developing countries, especially in Asia (H.-Y. Chen et al., 2020).
2.1.4

Particulate Matter: 2.5 and 10 Micrometers
Particulate Matter 2.5

Micrometers (PM 2.5) are fine,
inhalable particles that are smaller than
a blood cell or as is commonly stated
‘smaller than the diameter of a human
hair’ (US EPA, 2015b). PM 2.5 was
added to the Clean Air Act in 1997

Figure 4 – (US EPA, 2016g) PM2.5 trend
from 2000 to 2019

(Clean Air Act Summary, 2020). PM 2.5
wasn’t measured on a nationwide scale until 2005 (see Figure 4) (Clean Air Act
Summary, 2020). Basic PM 2.5 research only measure how many particles there are.
More advanced research will break down the types of particulate matter and give a
percentage of harmful particulates.
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Kittelson et al. (1999)
suggest using five factors to
determine the toxicity of PM 2.5:

“The smaller the particle the
greater the penetration. Particle toxicity

•

Particle size

is related to particle composition and

•

Particle surface area

physical characteristics. The smaller the

•

Particle number

particles the greater the surface area for

concentration

the same overall particle mass…”

•

Particle composition

(Kittelson et al., 1999).

•

Particle mass

Particle size. Some research indicates that a decrease in particle size increases the
possibility of a particle depositing in the lung (Morawska et al., 2005). Deposition within
the lung surface increases the likelihood of chemical interactions.
Particle surface area & Particle Mass. A greater surface area increases the
chance of interaction with the lungs or other particles when inhaled. A smaller size means
it can end up deeper in the lungs. It has been hypothesized that it may not be a single
element, but chemical reactions between elements and/or lung tissue that react to create
damage to the lungs (Carlsen et al., 2021). Alternatively some researchers are interested
in if the particles are deposited in the lung believing that their deposited presence impairs
lung function. (Morawska et al., 2005).
Particle number concentration. Small amounts of damage are regularly created
and repaired or cleaned but research indicates that there are certain concentrations of
harmful particles that can overwhelm the natural repair systems of the body (Schlesinger,
1990).
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Particle composition. Implies that some elements are more toxic than others; for
example the particle composition of lead or arsenic are more toxic than sodium and
calcium. All four of these elements (lead, arsenic, sodium, and calcium) can be found at a
size of PM 2.5 and are shown in Figure 5 which has examples of elements found in PM
2.5 sample captures done by (Guttikunda & Jawahar, 2020).

Figure 5 – (Guttikunda & Jawahar, 2020) Key metal and ion markers of various sources
contributing to PM 2.5.

It stands to reason that lead PM 2.5 would be more dangerous than calcium PM

2.5. (Carlsen et al., 2021) noted how much of the volcano PM 2.5 content was sulfates in
his study. Multiple studies did not give information on the composition of the PM 2.5
detected. It is difficult to fully assess the effect(s) of PM 2.5 from other pollution sources
when this information is not present. As the study Guttikunda & Jawahar, (2020) shows
PM 2.5 can contain particulate already measured by the Clean Air Act such as Pb, SO2
and NO3. It is unclear due to contradicting literature if the danger of PM 2.5 is from
existing measured elements, from a different Volatile Organic Compound (VOC) or a
chemical combination of both.
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Diesel Particulate Matter (Diesel PM). Several studies investigated were
specifically concerned about the health effects diesel PM 2.5 as a subset of PM 2.5
(Liang et al., 2017; Morawska et al., 2005). Diesel PM 2.5 is measured separately from
PM 2.5 by the State of California through CalEnviroScreen (OEHHA, 2018) and it was
considered high along the freeway in one of the study areas.
Between 1988 and 1991, filters were designed to sieve out diesel’s large black
soot particles (US EPA, 2016e). Post 1991, researchers began detecting larger numbers
ultra-fine particulate matter around the size of PM 2.5 from the emissions. This is
sometimes described as “carbonaceous soot with volatile organic fraction hydrocarbons
attached” (Walker, 2004). Diesel PM seems to be considered more dangerous than
regular PM although is unclear if this is because of the volatile organic compounds
(VOC) attached to diesel’s distinctive black carbons, because of micro concentrations of
elements discussed in this chapter, or because of the volume of small particles emitted.
Particulate Matter 10
Micrometers (PM 10). Particulate
Matter of 10 micrometers or (PM 10) is
slightly larger than a blood cell and
about. particles are dust, pollens,
organic matter, or manmade inorganic
material in the air (US EPA, 2016g).

Figure 6 – (US EPA, 2016e) PM 10
National average from 1990 to 2019.

While PM 10 is more likely to be organic material than PM 2.5, it has many similar
health concerns. The average amount of PM 10 in the United States has decreased 46%
(See figure 6).
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Nitrogen Compounds (NOX) and Ozone
These final elements are the focus of many of the solutions later in the thesis due

to its prevalence in the study area. Nitrogen Monoxide (NO), Nitrogen Dioxide (NO2)
and sometimes Nitrogen Trioxide (NO3) are often referred together as (NOX). NO and
NO2 are the most common and NO easily oxidizes to NO2. Many researchers measure
NO2 to estimate all values of NOX (César et al., 2015). Because of that, NO2 and NOX are
used interchangeably throughout this paper. NOX, irritates the human respiratory tract
(US EPA, 2016f), but NO2 has
decreased due to regulation from
the Clean Air Act in the last 40
years as shown in Figure 7.
NO2 photodissociates to
ozone at temperatures over 90
°F.(National Research Council,
1991). As the study site has

Figure 7 – (US EPA, 2016e, p. 2) Shows a
decrease in the national average of NO 2 .

significant levels of heat and sunshine this creates ideal conditions for photodissociation.
Volatile organic compounds (VOC) found in paints, aerosols, cleaners, and disinfectants
can increase this process. (US EPA, 2015a).
Ozone (O3) is essential in the high atmosphere to protect us from radiation, but is
harmful when inhaled because it irritates and inflames the airways. Ozone also damages
plants during their respiration by entering and burning (oxidizing) the stomata and
causing a spotty, yellow pattern on the leaf (U.S. National Park Service, 2020).
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A 1989 study purported that children in environments with high combinations of
NO2 and O3 are more likely to develop respiratory health problems such as asthma
(Schwartz, 1989). This study has been confirmed and expanded by more recent authors
(Bettiol et al., 2021; Hao et al., 2021).
Effects of NOX and ozone are usually less immediate than SO2. NOX effects are
discovered in longer or larger studies. (César et al., 2015; J. Chen et al., 2021; Costa et
al., 2017; Rodrigues et al., 2021; Zhang et al., 2021). Researchers who measured all
seven of the Clean Air Act usually
come to one of three conclusions;
NOx had the largest correlation
with respiratory illness (Costa et
al., 2017), NO2 and ozone have the
strongest links to a variety of
respiratory health problems
(Rodrigues et al., 2021). or ozone

Figure 8 – (US EPA, 2016d) Shows ground
Ozone levels.

is the greatest causation factor in
respiratory symptoms (J. Chen et al., 2021).
Because NOx leads to the formation of ozone with sufficient solar energy, which
is a regular condition at the study site, they are considered as equally harmful in this
study (US EPA, 2016d). Figure 8 shows that ozone has decreased in the last few years
but not as much as any of the other substances discussed in this chapter. The United
Stated still has many areas which do not meet the national standards for ozone levels as
shown by the blue area in figure 8 above the national standard line.
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Environmental Justice
Environmental justice is a combination of attention to disparities in exposure to

environmental harms and benefits, and social justice (Foy, 2012). The core of academic
literature on environmental justice is often concerned with the disproportionate effects of
toxic pollution on communities of color or who are low-income (Holifield, 2001). Studies
have demonstrated that these populations are disproportionately next to polluting
industries or in poor housing conditions (Sampson & Winter, 2016). The environmental
justice movement focuses on empowering communities to use political and legal
processes to receive better health and environment outcomes (Holifield, 2001; Pearsall &
Pierce, 2010; Pulido et al., 2016).
California made an effort to formally address environmental justice concerns by
requiring a new environmental justice element in the General Plan update . The
environmental justice element required each city address the following categories:
1. Reducing pollution exposure including improving air quality.
2. Promoting public facilities
3. Improving food access
4. Creating safe and sanitary homes
5. Increasing Opportunities for physical activity(State of California, 2021).
These five categories attempt to address the following environmental justice
issues: Low-income communities are also more likely to be obese and less likely to have
access to healthy food (Calderón-Argelich et al., 2021; Sallis James F. et al., 2012;
Taylor et al., 2007), residents are far from parks and public amenities (Wolch et al.,
2014), they are more likely to live in homes that are old, poorly maintained, and have
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severe health concerns i.e. lead pain, insect or rodent infestations (Foy, 2012; Office,
2020), and low-income communities are also more commonly next to factories and in
other places with poorer air quality (Johnston et al., 2021; Stuart et al., 2009).
The disadvantage of California’s approach of requiring an addition to the general
plan with the 5 elements shown above is described in the paper done by Wolch (2014).
Common solutions to physical activity or access to public facilities are adding new parks,
trails and nice facilities. Wolch shows this increases the desirability, property values, and
rent. On the planners scale it appears like the area is improving, but often it is gentrifying
as previous poor residents, for whom the amenities were built for, are priced out of the
market and newer wealthier residents move in.
The study site for this paper has a low-income population (OEHHA, 2018) in an
area of poor air quality(Leifer et al., 2020). It fits into the core environmental justice
definition of ‘a low-income population being affected by an outside source of pollution’
because most of the pollution in the Barstow area comes from the San Joaquin Valley and
Los Angeles Basin (Leifer et al., 2020). The high levels of ozone are related to the
increased negative health effects that caused Barstow to receive a poor health
environment rating from the State agency, CalEnviroScreen, and this will be discussed
further in Section 3.
For the purposes of this thesis, environmental justice will denote the right to an
environment free of harmful pollution. There are diverse opinions on how environmental
justice can be achieved and how much of a role the government should play in it. This
thesis only investigates how a local government can promote better air quality.
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Potential Ways to Reduce Air Pollution
This section looked at methods to reduce air pollution. Below are some of the

solutions presented in various research studies. Some strategies to combat air pollution
include:
•

Reducing the amount of pollution at the source.
o Burning cleaner fuel
o Using better filters for cars and factories
o Paving dirt surfaces used for vehicles

•

Reducing the need for travel by having homes closer to workplaces or encourage
carpooling and public transportation.
o Creating more transit options
o Encourage density
o Increase fuel tax

•

Reducing the need for power and water
o Efficient water appliances – Transporting and recycling water takes 1520% of the total power used in California. Reducing water use, reduces
power use.
o Efficient electrical appliances

•

Cleaning pollution from the air
o Vegetation in medians and park strips
o Air filters

•

Separate sensitive populations from pollution sources
o Zoning measures
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o Freeway walls
Many strategies are not solutions a city can use; therefore, only solutions a city
could implement were examined and are presented in more detail in future sections. What
follows here are the five strategies cities can realistically implement, and which were
used in this study:
1. Planted medians and park strips
2. Increasing fuel tax
3. Zoning as measures
4. Mechanical air purifying towers
5. Freeway walls
The remainder of this chapter looks at the literature on these five solutions to control air
pollution.
2.3.1

Planted Areas Near Roads
Vegetation is able to filter a significant amount of particulate matter (PM) (Freer-

Smith et al., 2004; Paull et al., 2020; Popek et al., 2019; Wood et al., 2006). PM is
removed from the ambient air by adhesion to leaf surfaces (Ottelé et al., 2010; Perini et
al., 2017). Trees can remove air pollution primarily through leaf stomata, although most
intercepted particles remain on the plants surface. From there, air pollution may be
picked up again by the wind or fall to the ground through rain or falling leaves (Nowak et
al., 2018). Pines absorb water and nutrients from the air including heavy metals.
Shcherbenko et al. (2008) shows that pines near a smelter in Russia have elevated heavymetal content. It can be inferred that this means the pines pulled the heavy metals out of
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the air thus removing the pollution. Trees use Nitrogen and Sulfur as essential nutrients
(Provin & McFarland, 2021). Areas with green infrastructure show a significant decrease
of nitrogen oxides (Knight et al., 2021); therefore, it can be surmised that vegetation
reduces PM, and NO2.
2.3.2

Increasing Fuel Tax
Many environmentally-minded economists argue that increasing prices on

gasoline will reduce demand. A commonly cited example occurred in British Columbia
where a tax increase on all carbon fuels; gasoline, diesel, natural gas, ex. was paired with
a 2% tax break to businesses and citizens (Bernard & Kichian, 2019; Kichian & Bernard,
2014; Murray & Rivers, 2015). The British Columbia example is considered effective
because it decreased general consumption of carbon fuels without harming the economy.
Fuel taxes have proven to reduce average citizens consumption of gasoline. (Dahl,
2012; Murray & Rivers, 2015).
Evidence suggests that taxes on diesel are not as effective at reducing
consumption, ranging from various ways businesses avoid diesel tax in the US (Marion &
Muehlegger, 2008) to an argument many businesses can ignore the cost increase of fuel
by increasing the cost of goods to their customers (Harding, 2014; Kichian & Bernard,
2014).
2.3.3

Zoning Measures
There are a wide variety of zoning measures that can be implemented to reduce

pollution and pollution exposure. A zoning measure is a city policy regarding land use.
Examples of zoning measures solutions include preventing schools from being built
within 500ft of the freeway (Gabbe, 2018; Osborne et al., 2021). The American Planning
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Association provides a good digital newspaper called Zoning Practice and an article
written by (Baptista, 2021) is used in this thesis. Baptista’s article gives an overview of
types of zoning that could be used to improve Environmental Justice Communities. The
following are some of the types of zoning practices:
1. Strengthen public health and building codes
2. Utilize enforcement powers
3. Make targeted investments
Methods that qualify under these three measures are explored in detail in Section 5.4.
2.3.4

Mechanical Air Purifying Towers
Recently some countries have experimented with city-sized air purifiers such as

Delhi's “City Cleaner” (Economic Times, 2018) and an air purifying skyscraper in Xi'an,
China (Chow, 2018). As these are both recently built projects there is not much, if any
academic research published on their effectiveness. Presentations of Xi'an grand opening
shows the inner workings of the facility which seems similar in design to massive home
air purifiers. This tower would pull air through hundreds of PM 10 filters then through
PM 2.5 filters and finally a layer of activated carbon filter. Activated carbon is the most
efficient method for removing ozone (Fisk et al., 2009; Grabianowski, 2019). It is
standard practice to use ozone to remove noxious smells and tastes in water as part of the
water treatment process (Adams & Clark, 1991). As large amounts of ozone in water is
poisonous, the ozone then needs to be removed with activated carbon. Biological
activated carbon can be regenerated, but this process usually involves a costly water air
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hybrid model (Liu et al., 2017, (Adams & Clark, 1991). As this is a cost most
communities bear there is regular research into water air hybrid methods and new more
affordable ones may be on the horizon. (Sharif et al., 2021).
2.3.5

Many groups have put significant effort into methods of removing air pollution,
and some have found effective ways of reducing harmful pollutants such as
NOX (Adewuyi et al., 2018; Sharif et al., 2021). Freeway Walls
A freeway wall is commonly used to provide noise dampening for residential

neighborhoods. It is purported that the wall could also prevents the diffusion of
particulate matter (PM) into the neighborhood (R. Baldauf et al., 2008; Shu et al., 2014;
Steffens et al., 2013). Supposedly doing this by encouraging the mixing of pollutants with
higher currents of air (R. Baldauf et al., 2009). Freeway walls are currently recommended
by State of California as an option for containing air pollution (California Strategic
Growth Council, 2021) or possibly for moving pollution away from low-income
neighborhoods near the freeway.
Further research on NOX shows that freeway walls are not effective on NOX (R.
W. Baldauf et al., 2013). Baldauf’s later work shows freeway walls effects on PM are
highly dependent on the angle of the wind and the grade of the road compared to the
neighborhood.
2.4

Summary of Introduction
Further details on the above suggested solutions are explored in Section 5. The

information is organized and weighted using Multi-Criteria Decision Analysis. All the
solutions are rated in the context of the study site, the scale of 0-5 given in Section 3.
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STUDY SITE

The purpose of this thesis is to investigate policies for air quality improvements
that are feasible within the study site. Different solutions are more or less feasible given
various contexts. The study site for this investigation is the City of Barstow, California.
3.1

Location & Climate
Barstow lies within the Mojave Desert, southeast of the Sequoia national forest.

The area called the High Desert has summer temperatures averaging 102°F in July and in
the winter averaging 33.8°F with the occasional hard frost.
Barstow gets an average rainfall of three to five inches annually, with most
precipitation occurring in one or two major storms. The dry soil is mostly hydrophobic. A
rainstorm will
flood the
landscape in a
thin sheet of
water that
drains to the
Mojave River
and slowly
penetrates the water table.

Figure 9 – Location of Barstow
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Industry
Barstow is at the junction of I-15

and I-40 freeways. The main industries
include two military bases and a
transportation hub for Burlington North
Santa Fe (BNSF) railway (City of
Barstow, 2015). Various other industries

Figure 10 –This image shows the typical
landscape of the High Desert. From Pixaby Free
Photos.

are set up around the transportation of goods from the interior states to Los Angeles and
products from California to the interior states. Sales tax primarily comes from fast food
restaurants, gasoline, and stores catering to travelers who stop in Barstow when going
between Los Angeles and Las Vegas. In 2014, an average of 66,000 cars and trucks per
day passed along the I-15 freeway. It is estimated that number is about 78,000 vehicles
per day in 2021.
3.3

Air Quality - Ozone
Extreme heat is common in Barstow. The average temperature from June to

September is over 90 degrees (Weatherspark, 2021) with regular sunlight. This means
Barstow has ideal conditions to convert NOx to ozone discussed in Section 2.15. Ozone
in Barstow is 70-100th percentile for Ozone in California according to CalEnviroScreen
(OEHHA, 2018). CalEnviroScreen is a mapping tool provided by the State of California
to allow residents to track local pollution. Ozone was measured by CalEnviroScreen
using the an the average for an 8 hour interval and those in the 90th percentile measured
greater than .066 ppm (Faust et al., 2017) and anything in the 100th percentile measured
over .068 which is next to the Clean Air Act threshold for required mitigation. Ozone is
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the greatest air pollutant for Barstow and, therefore, the highest priority air pollutant for
this thesis.
The worst ozone pollution in California is in the Mojave Desert. It is open
uninhabited desert belonging to the Bureau of Land Management (BLM) In Figure 11 it
is represented in the darkest shading indicating the 100th percentile. This ozone is not
created by local residents, but is due to a combination of heat, wind-born pollution from
large cities, and traffic further explained in Section 3.4.

Figure 11 – Data from CalEnviroScreen. The map shows the ozone levels detected in the City of
Barstow. The dark blue indicates a 70-90 percentile in the state of CA. The black regions denote regions in
the 90-100 percentiles.
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CalEnviroScreen showed the second highest pollutant in Barstow was diesel PM
shown in Figure 12. In Section 2.1.4 it discusses the issues around PM 2.5 and diesel PM
specifically. The area of concern for diesel PM in Barstow is area 009500 shown as the
darkest section on the map which has a higher than average for the State of California
concentration of pollution due to the convergence of the I-15 and I-40 freeways.
Diverting or preventing the traffic from moving through Barstow would also eliminate
many of its jobs and industries. It is in the interest of the city to find solutions to reduce
and mitigate diesel PM without reducing vehicles.

Figure 12 – Barstow Diesel PM2.5 levels compared to the rest of California most of Barstow is
close to 7ug/m3
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Air Currents
The high levels of ozone air pollutants in the Mojave Desert was extensively

studied in a paper done by Leifer (2020). Leifer showed that the atmospheric jet stream to
the Mojave desert is from the San Joaquin Valley and Los Angeles Basin (Leifer et al.,
2020). His paper shows the concentration of air pollutants are transported into the desert
by wind from these regions.
Leifer’s research shows it is reasonable to assume that the ozone in the Mojave
Desert is mainly due to air pollution from San Joaquin Valley and Los Angeles Basin
brought in on the regular easterly wind see Figure 13. This data has been verified at
various points during this study by checking current wind conditions on (California Wind
Map & Forecast, 2021). Because the City of Barstow has little control over the creation
or transportation of these pollution elements, there needs to be a focus on and
prioritization of removing pollutants.

Figure 13 – Dagget
Airport Wind Rose
The color regions
indicat the magnitude of the
wind. The side of the graph it
shows up on is the winds orrigin.
The wind blows primarily in an
eastward direction. The wind
roses reading is for February but
is typical for most of the year.

COMPARISON OF SOLUTIONS
3.5

24

Demographics
In January 2021, Barstow had 23,916 residents (City of Barstow, 2015). Barstow

has an average household income of $40,000 (U.S. Census Bureau, 2019). This
household income is below average for San Bernardino County which has an average
household income is $63,000 (U.S. Census Bureau - San Bernardino, 2019). The
populated area of Barstow is considered an economically disadvantaged population by
the State of California as shown in the Senate Bill 535 (SB535) and Figure 14
(Monserrat, 2015).

Figure 14 – Map of Disadvantaged communities as defined by SB535
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Figure 15 shows the poverty levels of various area codes compared to the state
poverty averages. North Barstow is in the 90-100th percentile and west Barstow to either
side of the I-40 is the 64th percentile.

Figure 15 – Poverty in Barstow as compared to a California State Percentile.

California subdivides cities into different area codes for the census. There are four
of them highlighted in the map in Figure 16. Area code 6071009500 (009500) shown in
Figure 16 has 41% of the total population on CalFresh food stamps. (US Census Bureau,
2018). Area code 009500 is primarily along the freeway and tested high for ozone and
diesel PM. An additional area, 6071009400 (009400), just north of the area shown in the
map, has 46% of the population on CalFresh food stamps (US Census Bureau, 2018).
Figure 16 – Shows low-income area codes in Barstow. 009500 is the darkest blue area.
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Figure 17 – Population demographics for Barstow CA

Area 009500 had 7094 residents and was the primary focus because it is next to
the freeway. Area 009400 had 3493 residents and was the secondary focus. Area
6071(009300) (1257 residents) and 6071(012002) (5366 residents) are the other two lowincome areas included in the study. Combined, the four area codes hold about 72% the
current population in the
Barstow. Population
demographics for Barstow
in 2018 are given in
Figure 17 (U.S. Census
Bureau, 2018).

American
Indian 3%
Multiracial
7%

White 25%

African
American
17%

BARSTOW DEMOGRAPHICS
2018
Asian %3
Pacific Islander %1
Hispanic
Latino 44%
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Asthma ER Visits
The California

State average is around
50-60 emergency room
asthma cases for every
10,000 city residents in a
year. 92 hospitalized
asthma cases per 10,000
residents is considered in
the top 10% worst for the

Figure 18 – Emergency Room Asthma Cases per 10,000 –
Data from 2018 CalEnviroScreen 3.0 GIS downloads

state. (Faust et al., 2017). Barstow’s average is closer to 200-230 hospitalized asthma
cases per 10,000 (see Figure 18), which is about four times the state average.
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METHODS

This thesis uses two methods of analysis for determining air quality improvement
measures for Barstow’s environmental justice zones. Those methods are: Multi-criteria
decision analysis (MCDA) (Adem Esmail & Geneletti, 2018; Great Britain & Department
for Communities and Local Government, 2009), and the visual output of a “Strengths,
Weaknesses, Opportunities, and Threats” analysis, commonly known as a SWOT table.
MCDA is a cost-benefit analysis (CBA) tool. Most CBA tools turn social utility
and environmental benefits into a dollar amount (Elshimy, 2016). Multi-criteria decision
analysis is designed for governments to consider options that are difficult to put a price
on due to environmental, social, and political goals. MCDA weighs options according set
of desired outcomes and criteria that often includes financial viability. MCDA is
commonly used in planning, zoning, conservation prioritization, problems with multiple
objectives (Adem Esmail & Geneletti, 2018) and with stakeholder engagement
(Mustajoki et al., 2011).
There are various discussions on what to consider when analyzing the success of a
MCDA project. This thesis used reducing air pollution (goal achievement), financial
viability, and community impact metrics suggested in the paper written by (Elshimy,
2016). An additional metric, achievability by a small city, was added for a total of four
overarching metrics.
Multi-criteria decision analysis includes features designed to “assist in framing
decision problems, illustrate the performance of alternatives across criteria, and explores
trade-offs” (Adem Esmail & Geneletti, 2018). This thesis will follow the steps from the
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Great Britain Department of Commerce, (Great Britain & Department for Communities
and Local Government, 2009) as shown below:
•

Step 1 - Identify objectives

•

Step 2 - Identify options for achieving the objectives

•

Step 3 - Identify the criteria to be used to compare the options

•

Step 4 - Analysis of the options

•

Step 5 - Making choices

•

Step 6 – Receive feedback

Each of these steps are explained in more detail later in this chapter. Figure 19 has
a chart of what the final process of the study part of the thesis will look like.
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Figure 19 – Chart of Thesis process

4.1

MCDA Step 1: Identify Objectives
The objective of this thesis is to identify solutions that will create cleaner air for

Environmental Justice Communities in Barstow. Figure 16 in section 3.5 showed areas
labeled disadvantaged by the State of California. Area 009500 is considered most
disadvantaged and has the most air pollution within Barstow. Area 009500 will be the
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primary focus for mitigation solutions. Areas 009400, 009300 and 012002 are included in
some of the measures.
4.2

MCDA Step 2: Identify Options for Achieving the Objectives
The selected approaches are further explored in depth:
•

Vegetation Approaches
o Vegetation Solution 1- Requiring new businesses and apartment
complexes to have a certain number of trees per linear foot of street
frontage.
o Vegetation Solution 2- Requiring apartment complexes within 500ft of the
freeway to have a green barrier between them and freeway.
o Vegetation Solution 3- Buying a 100ft buffer of land next to the freeway
and putting in a trail with trees.

•

Fuel Tax Approach
o Gasoline and Diesel Tax- Adding a local tax on gasoline.

•

Zoning Approaches
o Zoning Solution 1 - Restricting housing development within 100ft of the
freeway and/or major highways. Restricting sensitive uses such as schools
or hospitals within 500ft of the freeway and/or major highways.
o Zoning Solution 2 - Changing Zoning next to the highway from
residential.

•

Mechanical Approaches
o Mechanical Solution 1 – Constructing a tower air purifier.
o Mechanical Solution 2 – Multiple smaller air purifiers around a school.
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o Mechanical Solution 3 – Activated carbon filters with a MERV 11 or
higher ratings in apartment complexes within 500ft of the freeway.
•

Freeway Wall Approach
o Freeway Walls - adding walls along roadway areas near homes.
Each solution mentioned is expanded upon in Chapter 5. A score sheet is provided

at the end with a ranking for the positive and negative impacts of each solution.
4.3

MCDA Step 3: Analysis of Options
Evaluation is an important step in planning. The Great Britain & Department for

Communities and Local Government discourages the use of a numerical scale for
government functions because human tendency is to add numbers together to get a total
score (Great Britain & Department for Communities and Local Government, 2009). Each
aspect will receive a score on a 0-star to 5-star scale. Each of the numbered and lettered
bullets below will have a star ranking.
4.3.1
•

Does this project reduce air pollution?
1st priority- reducing ozone: Ozone was selected as the top priority because
Barstow is in the 80th-100th percentile for ozone in California (OEHHA, 2018). In
other words between .062-.068 ppm. This puts ozone levels next to the threshold
considered unsafe in the Clean Air Act which is .07 ppm from Section 1.

•

2nd priority- reducing NOx and Diesel PM: NOx and Diesel PM were placed in
the second priority category. NOx was chosen because it photodissociates into
ozone and has significant negative health effects. Diesel PM was chosen because
it was the second highest air pollutant measured for Barstow (OEHHA, 2018).
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3rd priority- reducing other air pollutants: Reduction of any harmful air pollutant
should be given weight in the study. The third priority category covers the
remining Clean Air Act pollutants of SO2, CO, Pb, PM 10 and non-diesel PM 2.5.

4.3.2

Technical Feasibility for Barstow
Technical feasibility was designed to rate how implementable a solution would be

for the City of Barstow. Many unrealistic methods for Barstow were weeded out before
this step; therefore, most of the solutions scored well. The following are subcategories
rated in technical feasibility.
•

How will it be done? -Codes and ordinances are the most common ways that
cities accomplish change. Buildings are inspected upon construction to make sure
they are up to building codes and ordinances. Setting standards for new buildings
is the easiest way for a city to cause something to be built because that is where a
city has the greatest legal leverage. Cities often cannot require upgrades to
existing housing unless there is a direct health, safety and wellness concern (i.e.
black mold, pest infestation, no air conditioning in 100 degree weather, etc.).
Requiring too many improvements during construction can significantly increase
the cost of building. Those creating code need to remember the overall context.
California has in recent years been toeing the line of having too many expensive
building standards (i.e. requiring solar panels or instant hot water heaters). At the
same time, California want to restrict the amounts builders are allowed to charge
for rent. This has caused a decline in building within the state.
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Who enforces the code or maintains the asset? -The City of Barstow has limited
staff and cannot commit to significant increases in enforcement without an
additional stream of revenue and personnel.

•

Does it require permission from an organization other than the City of Barstow? Needing permission from a larger state organization will make any project longer
and cost more money.

4.3.3

Financial Feasibility
Short-term costs can often be covered by a grant or temporary political support.

Long-term cost will need to be worked into the yearly budget. Cities often consider longterm and short-term costs separately. Factors considered are as follows:
•

Does it earn revenue or spend revenue?

•

What are the immediate up-front or short-term costs?

•

Can grant money or outside funds be obtained for this project or some of the
short-term costs?

•

What are long-term costs

•

Does it require regular maintenance or manpower?

•

Does it require resources such as electricity and water?

•

Who will pay for the improvements?

•

How expensive will it be? Can the city of Barstow afford it?

•

What is the longevity of the project?

4.3.4

Social Benefit
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Number of people affected. - Because air constantly moves and populations are
only generally known by area, it is difficult to get an exact number of people
affected. Numbers in the Barstow area were approximated.

•

Are affected people in Environmental Justice Zones? - Are the people affected
residing in the target Environmental Justice areas of Barstow.

4.3.5

Description of a SWOT Table
Strengths, Weaknesses, Opportunities, and

Threats (SWOT) is a visual way of viewing positive
and negative information about a topic.
•

Strengths: Positive results that are internal in
origin.

•

Weaknesses: Negative results that are internal
in origin.

Figure 20 – SWOT Table, Wikipedia

•

Opportunities: Positive results that are external in origin.

•

Threats: Negative results that are external in origin.
SWOT is commonly used in business and industry to visually display the viability

of options that may not be similar to each other (Nediger, 2021). SWOT should not be
used alone because of the subjectivity of defining factors (Cheng et al., 2021).
4.4

MCDA Step 5: Making Choices
In this step of the process and organization is ready to move forward for a

decision or public recommendation for comment. This step contains a final analysis of
the feasibility of the results and a timeline of when the most feasible results could be
realized. This step will be discussed further in Chapter 6.
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MCDA Step 6: Receive Feedback
Feedback can be received in many ways, including community workshops,

feedback from staff and presenting to the public though planning commission, and city
council. Selected ordinances may have various combinations of these methods. The
details of the general plan will be explained to these two governing bodies, and they will
be given opportunity to comment on and/or question the ordinances. The Planning
Commission and Council meetings will not be included as part of this thesis. Any
feedback from expert opinions such as staff may be included.
Information in Appendix A was designed to allow for experts to receive the
information and provide their own ratings of the Air Quality Solutions. A rating done by
the author is provided in Chapter 6.

COMPARISON OF SOLUTIONS
5

37

RESULTS AND IMPLICATIONS

This chapter will analyze the ten potential solutions the author identified over the
course of the study. Each of the ten analysis are broken down into sections to make them
easier to compare. A SWOT table is provided for simple visual analysis.
5.1

Focus Environmental Justice Population
Focus will mainly be on the 4 area codes in figures 16 and 21. As previously

explained in Section 3.5, area code 009500 will receive the primary focus for most
solutions.

Figure 21 – Environmental Justice Focus Area Codes
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Vegetation Solutions
Vegetation is able to filter a significant amount of Particulate Matter (PM) (Freer-

Smith et al., 2004; Paull et al., 2020; Popek et al., 2019; Wood et al., 2006). As explained
in Section 2.3.1, PM is removed from the ambient air by adhesion to leaf surfaces (Ottelé
et al., 2010; Perini et al., 2017). Pollution removal by urban trees in the United States has
been estimated at 651,000 tons (t) per year (Nowak et al., 2018). Some tree species are
able to intercept PM 2.5 and other airborne particles better than others, for example pine
trees (L. Chen et al., 2017). While some tree species are more likely to thrive in urban
traffic conditions, such as cinnamormum camphora, a variety of camphor tree (Shrestha
et al., 2021). Additional examples of species that may be useful in reducing pollution can
be found in the paper written by (Kumar et al., 2019).
While trees do reduce most air pollution including NOX, the precursor to ozone,
research shows that trees do not significantly reduce ground ozone (Knight et al., 2021).
Ozone burns (oxidizes) the stomata of plants (U.S. National Park Service, 2020), because
of this it reasons that plants do not actively try to absorb ozone. However, because plants
are effective at reducing air pollution to some degree, three different plant strategies are
explored in this section. Many of these vegetation-oriented solutions could also be
considered in zoning approaches.
•

Vegetation Solution 1- The City of Barstow’s existing policy requires one tree for
every 33ft of street frontage in business areas, and the city requires landscaping in
front yards of homes and businesses (City of Barstow, 2021). This pushes the cost
burden of water and maintenance primarily onto individual property owners who
also receive the benefits of reduced flooding during storm events, cleaner air and

COMPARISON OF SOLUTIONS

39

a more beautiful environment. The cost of maintenance and water are significant
factors for desert towns like Barstow. Without artificial watering few plants
survive naturally.
•

Vegetation Solution 2- Require a tree barrier between the property and the
freeways for apartment complexes within 500ft of the freeway.

•

Vegetation Solution 3- Create either a dirt walking trail or class I biking trail near
the freeway that includes a barrier of trees.

These three solutions are investigated in depth below. A table of plants that grow well in
Barstow are given in Appendix B.

5.2.1

Vegetation 1– Require New Businesses and Apartment Complexes to Have a
Certain Number of Trees Per Square-feet of Street Frontage.

S

Vegetation 1

Reduces PM and NOx
Plants will reduce pollution at the source.
Benefits would accrue to the person
paying for water and maintenance.

•
•
•

•
•
•
•

W
Does not directly remove Ozone
Cost of water
Plants require regular maintenance.
Heat and pollution from roads require hardy
plants.

O
•

Not passing air pollution to neighbors
downwind

•

T

High levels of ozone damage many plants

Table 1 SWOT– Vegetation Solution 1 Require Street Trees
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Vegetation Solution 1 Summary of Multi-Criteria Decision Analysis Points
Q1–Does requiring new businesses and apartment complexes to maintain a certain
number of trees per square-footage of street frontage reduce pollution?
•

Priority 1: Ozone- Plants on along roads create shade that reduces ground-air
temperature. Evidence shows that plants on street frontage are related to a
significant decrease of nitrogen oxides in areas with green infrastructure (Knight
et al., 2021). This means that plants tend to remove the precursors of ozone and
reduce the favorable conditions for ozone production. It is possible to use these to
infer that vegetation is the reason why Barstow has a slightly lower amount of
ambient ozone than the surrounding desert. There is no evidence that plants
decrease ozone once it has formed.

•

Priority 2: Diesel PM and NOx- There is significant evidence that plants reduce
PM 10 and PM 2.5 (Freer-Smith et al., 2004; Paull et al., 2020; Popek et al., 2019;
Wood et al., 2006) and evidence plants reduce NOX (Knight et al., 2021). Plants
often use nitrogen and sulfur as nutrients.

•

Priority 3: Other Air Pollutants- Rooftop gardens have been proven to reduce SO2
in the study performed by (Yang , 2008). While it is unclear if plants remove CO,
there is evidence they remove and create various volatile organic compounds
(VOC) depending on the species.
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Q2–What is the technical feasibility of an ordinance such as the one described?
•

How would it be done?: The City of Barstow already has an ordinance which
requires that businesses have 1 tree per 33ft of business frontage, so no additional
ordinances or codes would need to be established.

•

Enforcement: The city planning department would enforce implementation for
new construction, and code enforcement would penalize non-compliant parties.

•

Permission from another organization(s) required?: No other organization would
need to be consulted.

Q3–Is this solution financially feasible?
•

Short-term costs to landowner: Trees have an initial cost of purchase and
installation, including installing a water system.

•

Long-term costs to landowner: Cost of regularly watering and maintaining
vegetation

•

Short-term cost to city: None for Barstow. Other cities would have the cost of
adding the ordinance to the municipal code.

•

Long-term costs to city: Cost of a staff member to check new applications for
required trees. A cost of financial upkeep for plants on city properties.

•

Note: The majority of the cost and benefit land on each individual landowner and
minimizes the cost to the city.
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Q4–What are the social benefits associated with this solution?

•

Number of people: The benefit of air pollution reduction would occur at the
location of the trees. This will mainly be at the new business sites in benefits of
beautiful landscapes and cleaner air but it is difficult to assess a number of people
affected for this solution as the number of locations that will develop is unknown.

•

In an environmental justice zone: A majority of the City of Barstow is in an
environmental justice zone, but this policy is more likely to impact developing
areas. Low-income areas are often not the areas developing.
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Vegetation 2 - Require apartment complexes within 500ft of the freeway to have
a green barrier between them and freeway.

S
•
•
•

Vegetation 2

Reduces PM and NOx.
Plants will reduce pollution at the source.
It would have the greatest benefit to those
in environmental justice communities by
the freeway.

•
•
•
•
•

O
•

Not passing air pollution to neighbors
downwind.

W

Does not remove Ozone.
Cost of water.
Plants require regular maintenance.
Heat and pollution from roads require hardy
plants.
Increases cost of building apartment
complexes.

T
•

High levels of ozone often damages
plants. Plants will have to be carefully
selected to be ozone tolerant so they will
not perish.

Table 2 SWOT– Vegetation Solution 2 Green Barrier for Apartments within 500ft of the Freeway

Vegetation Solution 2 Summary of Multi-Criteria Decision Analysis Points
Q1–Would adding more plants between the freeways and residential areas decrease air
pollution?
•

Priority 1: Ozone- Plants on along roads create shade that reduces ground-air
temperature. Evidence shows that plants on street frontage are related to a
significant decrease of nitrogen oxides in areas with green infrastructure (Knight
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et al., 2021). This means that plants tend to remove the precursors of ozone and
reduce the favorable conditions for ozone production. It is possible to use these to
infer that vegetation is the reason why Barstow has a slightly lower amount of
ambient ozone than the surrounding desert. There is no evidence that plants
decrease ozone once it has formed.
•

Priority 2:Diesel PM and NOx- There is significant evidence that plants reduce
PM 10 and PM 2.5 (Freer-Smith et al., 2004; Paull et al., 2020; Popek et al., 2019;
Wood et al., 2006) and evidence plants reduce NOX (Knight et al., 2021). Plants
often use nitrogen and sulfur as nutrients.

•

Priority 3: Other Air Pollutants- Rooftop gardens have been proven to reduce SO2
in the study performed by (Yang , 2008). While it is unclear if plants remove CO,
there is evidence they remove and create various volatile organic compounds
(VOC) depending on the species.

Q2–What is the technical feasibility?
•

How would it be done?: This solution would need to be in an ordinance or in the
general plan. An ordinance would go through planning commission once and city
council twice. A general plan item would depend on city code but would be
similar to an ordinance.

•

Enforcement: The city planning department would enforce the policy when a new
apartment is built. Code enforcement would penalize non-compliant parties.

•

Permission from another organization(s) required?: No.
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Q3–How financial feasible is this solution?

•

Short-term costs to landowner: Costs include buying the plants and installing
irrigation. It would increase the initial cost of building the apartment complex.
Apartment complexes are required to have landscaping.

•

Long-term costs to landowner: Maintaining vegetation through watering and
trimming. In most cases, the landowners pay for maintenance by including it in
the cost of rent. Trees tend to take less maintenance than bushes or perennials.

•

Upfront cost to city: Staff time and pay for adding the ordinance to the municipal
code.

•

Long-term costs to city: Staff time to check new applications for this element.

•

Note: The costs and benefits would be localized to those the apartment complexes
that implement this policy. Maintaining this would require little cost to the city.

Q4—What are the social benefits associated with this solution?

•

Number of people: Approximately 23% (22.9) of area 009500 is within 500ft of
the freeway. Taking that number and multiplying it by the population of the area
(7,094 people), about 1,624 people in area 009500 are within 500ft of the
freeway. There are possibly up to twice that number of people in the entire 500ft
radius in Barstow or 3,248 people, with an estimated 10-30% living in
apartments. The number affected by this policy with the current population would
be between 300 and 1,000.
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In environmental justice zone: Increasing vegetation around residential areas
would improve the air quality of the vulnerable group residing directly around the
freeway, as well as reduce the amount of pollutants from the immediately
adjacent freeways dispersing into the city.

•

5.2.3

Benefits to apartment residents are cleaner air and subsequently better health.
Vegetation 3 - Buying a 100ft Buffer of Land Next to the Freeway and Putting
in a Trail With Trees.

S
•
•
•
•

Vegetation 3

Reduces PM and NOx.
Plants will reduce pollution at the source.
It would create a public amenity many
people could use and enjoy.
It would have the greatest benefit to those
in environmental justice communities by
the freeway.

•
•
•
•
•

•

Not passing air pollution to neighbors
downwind.
Encouraging exercise.

Does not remove Ozone.
Cost of water.
Plants require regular maintenance.
Heat and pollution from roads require hardy
plants.
Difficult to find funding to buy and build trail.

T

O
•

W

•
•

High levels of ozone damage many plants.
Encouraging exercise in an area that is
considered to have worse air pollution.

Table 3 SWOT – Vegetation Solution 3 100ft buffer of land next to the freeway with a trail and vegetation
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Vegetation Solution 3 Summary of Multi-Criteria Decision Analysis Points
Q1–Would adding more plants along freeways decrease air pollution?
•

Priority 1: Ozone- Plants on along roads create shade that reduces ground-air
temperature. Evidence shows that plants on street frontage are related to a
significant decrease of nitrogen oxides in areas with green infrastructure (Knight
et al., 2021). This means that plants tend to remove the precursors of ozone and
reduce the favorable conditions for ozone production. It is possible to use these to
infer that vegetation is the reason why Barstow has a slightly lower amount of
ambient ozone than the surrounding desert. There is no evidence that plants
decrease ozone once it has formed.

•

Priority 2:Diesel PM and NOx- There is significant evidence that plants reduce
PM 10 and PM 2.5 (Freer-Smith et al., 2004; Paull et al., 2020; Popek et al., 2019;
Wood et al., 2006) and evidence plants reduce NOX (Knight et al., 2021). Plants
often use nitrogen and sulfur as nutrients.

•

Priority 3: Other Air Pollutants- Rooftop gardens have been proven to reduce SO2
in the study performed by (Yang , 2008). While it is unclear if plants remove CO,
there is evidence they remove and create various volatile organic compounds
(VOC) depending on the species.
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Q2–What is the technical feasibility of this solution?
•

How would it be done?: The city would have to find funding to buy the land. This
would likely need to be done through a grant or a tax. See figure 22 for
hypothetical trail location.

•

Enforcement: Regular maintenance of the trail. This would fall under the parks
and recreation department.

•

Permission from another organization(s) required?: Depends on where the trail
goes and how close it gets to the freeway. It may only need the land purchase. It
may need permission from the California Transportation Authority (Caltrans). It
may also need permission from the organization providing the grant if a grant is
applied for.

Figure 22 – Shows the potential location of a trail in the 100ft buffer from the
freeway connecting Foglesong park and Dana park in the focus area 009500.
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Q3–How financially feasible is this solution?

•

Costs to landowner: See below. The city would be the landowner in this situation.

•

Upfront cost to city: Cost of land, labor, paving and creating a new trail, cost of
vegetation, and watering system. This initial segment is cost intensive, and this
would not be something the City of Barstow could afford without a grant or
outside funds to initially build.

•

Long-term costs to city: The maintenance crew would need work on it once or
twice a year to maintain trail. Water costs if the city wants to maintain trees and
vegetation along this corridor.

•

Long-term financial advantages: If the freeway needs to be widened or public
transportation such as a rail line were put in next to the freeway, it would be less
costly to move a trail than to try to move houses.

Q4–What are the social benefits associated with this solution?
•

Number of people: Trails can encourage exercise and would potentially encourage
citizens to get out. A disadvantage may be they would be exercising right next to
the highest polluting source in the city.

•

In environmental justice zone: The proposed trail will be entirely within the area
009500 and all of the 7,094 people in it could benefit from open access to the
trail.
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Types of Trees
A list of trees that grow in the Barstow area was compiled (See Appendix B).

Because pines were shown to significantly reduce pollution, a special effort to find native
pines, firs, and junipers was made. This list can be used for any of the solutions in this
section.
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Gasoline or Diesel Tax Approach
Carbon taxation is widely supported by environmentally conscious economists. A

January 2021 trip by the thesis writer from St. George Utah to Barstow California
showed the price of diesel in St George Utah at $2.63 per gallon and four hours away in
Barstow California at $3.54 per gallon. The 91 cent per gallon difference is mainly due to
state and local taxes specific to California designed to decrease diesel use.
One study found a heavy tax implemented in British Columbia, Canada produced
a decrease in carbon usage (Bernard & Kichian, 2019). The tax was designed to impact
all carbon, then give the money back to individuals and companies in a 2% tax break that
was mailed to many residents as a check. This return of the tax was designed to prevent
an impact on jobs or household income and at the same time created an incentive to
reduce the use of carbon from sticker shock at the pump. The long-term studies show the
use decreased 6.9-10.1% for natural gas and gasoline but only about 6.2% reduction for
diesel.
British Columbia (BC) is a large province about twice as large as the State of California.
Most of the citizens live in the southern half so it is generally comparable. A study of 124
countries done by Dahl, (2012) investigated fuel use before and after-tax increases. This
study showed a 16% drop in usage for diesel and a 34% drop for gasoline. The similarity
with Bernard and Kichian’s study is that the drop in gasoline use was about twice the
drop in diesel use.
Taxing gasoline is considered a tax on households, and it appears to be effective
at reducing use. Household consumers are price sensitive and many start carpooling or
travel less when the impact is hurting their wallet. Taxing diesel is considered a tax on
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businesses. Diesel is primarily used in semi transportation, heavy industry, construction,
mining, and agriculture. The superior power of diesel makes it necessary when moving
over 10,000 lbs. Batteries have not yet been designed that can store enough power to be
useful for the heavy machinery that currently uses diesel. If heavy equipment is not using
diesel, it often must be connected to a major powerline which is why many industries
with heavy machinery are near major power corridors, near power plants or generate their
own power. Many industries using diesel can pass the cost of the tax hike on diesel to the
final consumer of their products. Taxing diesel can cause a increase in the cost of
household goods without a large reduction in the use of carbon. The United States
government tries to get around this by trying to taxing truck diesel differently from
industry diesel used in agriculture or for production of goods, with mixed results, for
more information read the study done by Marion (Marion & Muehlegger, 2008).
5.3.1

Using Local Context
Over 90% of the fuel use in Barstow from travelers between Los Angeles and Las

Vegas this number was estimated calculating the average number of cars in a Barstow
household and the average amount driven see calculations in footnote 1 on page 53.
Creating a noticeable local tax increase is likely to harm the town because the traveler
may look at the price and wait to fill up at the next town. This would hurt a large number
of Barstow businesses that depend on the flow of visitors.
A tax increase would have to be approved by voters. Tax increases are unpopular
and not seen favorably by the current voting population of Barstow. Because of these
factors a large tax increase is very likely to fail both socially and economically. If
gasoline tax is explored for Barstow it would have to be a small tax increase. The impact
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of the tax increase would not discourage people from buying gasoline but could be used
in a positive way to increase alternatives to car transportation such as bike trails, walking
paths and parks.
The Federal government charges 18.4 cents per gallon for gasoline (Legislative
Analyst's Office, 2020). The State of California charges 50.5 cents (Legislative Analyst's
Office, 2020). The average local fuel tax in California is a 3.6% sales tax. Cities such as
San Diego charge as much as 18 cents per gallon. At the moment, Barstow only charges
regular sales tax and the County of San Bernardino has a half cent increase on the gas tax.
The residents of Barstow did vote to reinstate the existing ½ cent San Bernardino County
gasoline tax. Therefore, all discussion from this point forward will be on instating a ½
cent tax within the City of Barstow that will go toward roads and trails.
The San Bernardino ½ cent gas tax earns about $178,000,000 (178 million) a year
for the San Bernardino region (San Bernardino County Transportation Authority
(SBCTA), 2019) The north desert region of the SBCTA ½ cent gas tax collects $4
million of that. San Bernardino’s north desert cities on the I-15 route to Las Vegas are
Victorville, Barstow, Yermo, and Baker. These 4 cities likely bring in the majority of that
4 million because of traffic from the I-15. Apple Valley touches the I-15, but does not
have any gas stations immediately off the freeway. This means Barstow likely brings in
about $1 million dollars of the existing ½ cent SBCTA tax. If Barstow were to implement
a ½ cent gas tax, then the revenue would be less than but near $1 million dollars. For
simplicity, the value of $1 million will be used.
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It is estimated 1 $35,000 of that money comes from the local population and the
remaining approximately $900,000 would be taxed from the through traffic. More than
90% of the tax would be paid by out-of-town travelers. Thus a ½ cent per gallon increase
could be used to build alternative transportation routes such as walking paths and bike
routes to reduce carbon use and increase citizen health or fund infrastructure projects or
solutions that minimize exposure to poor air quality for the public, particularly those most
vulnerable to more concentrated levels of bad particulates.as well as repairing road and
bridge infrastructure.

1

Using Barstow’s population 23,916 divided by an average household of 2.7 using an

approximation of 1.8 vehicles per household and the national average of driving 30 miles a day.
Multiplying that by 365 days is approximately 177,390,000 miles. Using an average of 25 miles per gallon
= 7,095,600 gallons of gasoline which produces $35,478 in gas tax revenue from the local population.
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Gasoline Tax Summary of Multi-Criteria Decision Analysis Points

S

•

The tax may be used for fixing
local roads, adding green
infrastructure, bike paths & trails.

•

Positive revenue stream.

O

•

W

1/2 Cent Fuel Tax

Money can be used to improve
community health and appearance.

•

Little effect on diesel use,
businesses can increase consumer
prices to make up for increased cost.

•

People could avoid the tax by
getting gas in a neighboring town

•

T

Large tax would harm Barstow
economy which centers on and
caters toward travelers on the
freeway.

Table 4 SWOT – Local ½ cent gasoline tax.

Q1–Would increasing the fuel tax decrease air pollution?
•

Priority 1: Ozone –It is unlikely a ½ cent tax increase will significantly decrease
ozone.

•

Priority 2: Diesel PM and NOx- It is not likely a ½ cent tax increase will decrease
Diesel PM or NOx as consumers do not notice tax increases under 1 cent and the
price of gasoline is constantly fluctuating, therefore ½ cent is not likely to change
consumer behavior. A larger tax increase is also unlikely to decrease diesel PM
because diesel is less price sensitive, and trucks will pass through regardless of
where they fill up.

COMPARISON OF SOLUTIONS
•

56

Priority 3: Other Air Pollutants- SO2, and CO– It is unlikely a ½ cent tax increase
will decrease SO2 and CO.

Q2–What is the technical feasibility?
•

How would it be done?: It would be a voter initiative rather than an ordinance or
building code. Staff could prepare it and submit it.

•

Enforcement: The tax would be collected at the gas pump. This would take no
effort on the part of the city.

•

Permission from another organization(s) required?: A voter initiative would mean
enactment is dependent on advertising and public opinion. A special tax to go
specifically to roads and trails would require the vote to pass by 2/3.

Q3–How financially feasible is this solution?

•

Short term cost to city: Staff time and campaigning efforts. This may come at a
large cost.

•

Long-term benefits to the city: $1 million in raised taxes could pay for fixing
roads and walking paths/bike routes. Long-range infrastructure could reduce
green house gas (GHG) in the future and improve public health. This could be
large positive benefit. More than half of the gasoline purchased in Barstow is
bought by those traveling between Los Angeles and Las Vegas and a majority of
the money would come from residents outside of Barstow. This perspective may
be easier to sell to the public.
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Long-term costs to taxpayer: This would increase the cost paid by all citizens at
the pump.

Q4 – What are the social benefits associated with this solution?
•

Number of people affected: All residents of the City of Barstow would be both
positively and negatively affected by this policy. Many residents would be
negatively affected by the increase of money flowing out of their wallet at the
gasoline pump. Positive effects are dependent on which projects are funded by the
money collected. The intent is to spread projects across the city, to the benefit of
the whole population. If the taxes are used for green infrastructure such as trails, it
is anticipated the tax will have a net positive effect.

•

In environmental justice zone: Because most of the Barstow population is in the
environmental justice zone it is more likely that the initial funds will go in areas
that affect those populations.

5.3.2

Implementing a Gas Tax
A gasoline tax is a complicated solution, the following section provides breaks

out details of what a gasoline tax could look like for the City of Barstow. The following
details would need to be expanded and drafted in a final version before it can be
submitted to the public. Regular workshops with the public and City Council would be
required for the final success of this strategy as taxes are often unpopular in the San
Bernardino desert region.
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Strategic Plan
The 2019 census 5-year estimate approximated that 5.8% of Barstow residents do

not have access to a vehicle, 33% have access to one vehicle, 42.8% have access to two
vehicles, and 18.4% have access to three or more vehicles (U.S. Census Bureau, 2019).
This is lower than average vehicle access, when compared to the rest of California.
Improving alternative transportation methods such as sidewalks, public transportation and
bike routes would significantly help the environmental justice population in this area.
The aim of this 10-year plan would be to provide the city with funds to try multiple
transportation alternatives and then at the end of 10 years the bill could be renewed with a
specific focus or to continue improving multiple transit options.
Estimated numbers come from the San Bernardino existing ½ cent gas tax that earns
about $178,000,000 (178 million) a year for the San Bernardino region (San Bernardino
County Transportation Authority (SBCTA), 2019) The north desert area, of which
Barstow is one of the largest towns, collects about $4 million. The author estimated
Barstow would collect approximately $1 million dollars a year in funds if a gasoline tax
was implemented. It is estimated that 90% of this $1 million would be people traveling
between Las Vegas and Los Angeles. Below is a proposed breakdown and reasoning for
the projected numbers and figure 23 visually displays the information. Final numbers
would be decided by the City Council.
•

30% Green infrastructure

•

20% Bus infrastructure, and mass transportation

•

20% Bike and nature trail improvements

•

15% Road infrastructure
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10% Sidewalk improvements

•

5% Public art and public site furnishings
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Distributuion of Revenue to Programs

Green Infrastructure

Bus & Mass Transit Options

Bike Routes and Nature Trail

Roads & Bridges

Sidewalks

Public Art & Public Site Furnishings
Figure 23 – Revenue Distribution Chart

5.3.3.1 Green Infrastructure
As plants have been shown as effective at reducing pollution they were given the
largest portion of this hypothetical gasoline tax budget. It is highly plausible the reason
Barstow has lower ozone than the surrounding desert is due to the vegetation. 30% of the
gasoline tax budget was set aside for green infrastructure, mainly including landscaping
such as installing plants in parks, street tree planting and watering system installation. It
has been proven that plants reduce air pollution and stress, and it is important to provide
public green spaces. Priorities for projects in this section will likely be set by the parks
department but the following are some suggestions:
1. Add trees next to bus stops.
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2. Add a learning garden to a playground area. Pitcher Park would be a good first
candidate because it is city-owned and directly next to a school.
3. Add street trees within central Barstow.
4. Add vegetation to existing parks and public spaces.
5.3.3.2 Busses, Route Improvements, and Mass Transportation
This section of the funds is anticipated to focus on buses, unless another mas
transportation technology becomes more viable. Busses are a common existing
alternative that can reduce carbon footprints of individuals and are available to lowincome families that can not afford a vehicle. Busses also use the road that is being
repaired in the road and sidewalk portion of the tax. The actual priorities for this section
will likely be determined between the city manager and Victor Valley Transit Authority.
This paper proposes some suggestions that would advance the city’s desire to become a
tourist destination and support its low-income population.
1. Shade Structures: It gets extremely hot in Barstow, and shade structures at the
local stops would increase the comfort of those waiting for the bus.
2. Bus Pull Out Areas
3. Subsidizing Bus Passes for Minors, the Elderly and Low-Income Populations
5.3.3.3 Bike and Nature Trails
Biking is good for exercise and does not produce harmful pollutants. The 20%
allocated to bike routes and nature trails will improve biking and walking throughout the
city and provide a viable alternative to vehicle transportation. Bike transportation is more
likely to be used in the winter half of the year when the weather is agreeable. Adding
trails in the city will improve citizens’ health and adding trails in and around the city will
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both improve health and draw tourism. Figure 23 shows where there are proposed bike
routes within the city. At the moment, there are only three to four installed and
designated bike routes. Priorities for this section will likely be set through the
Community Development Department in conjunction with the Planning Department
suggestions for priorities will follow the existing Bikeway network plan. Suggestions for
top priorities are as follows:

Figure 24 – Bike Routes in Barstow

5. The first key is adding usable trails within the city. The designated Class 1 bike
path between Henderson Elementary and Foglesong Park would be the first
priority. This pathway is already commonly used by children and adults. There is
an existing utility easement and the city could work with the utility to allow this
short segment of .3 miles to be paved. 20% of the $1 million would cover design
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and completion within the first year of implementing this tax. This would provide
a quick victory for the gas tax.
6. The second year could aim at the Class 1 bike route connecting Barstow
Community College to Crestline Elementary School. This path would travel along
the north side of the community college lot and connect two schools and three
neighborhoods. It would increase the walkability of the area especially for the
college students. This segment of a two to three part trail may take two years
because some of the trail will require land acquisition.
7. The fourth year would continue the trail from Crestline Elementary to Barstow
Junior High, creating a continuous walkable path that connects multiple
neighborhoods and schools to create accessibility for parents and students. This
trail would use the utility easement on the east side of the junior high and may be
possible to accomplish with one year’s worth of funds.
8. The next goal for bicycle routes is promoting business and tourism within the city.
Barstow is interested in creating a bike route along Route 66—the aim is to turn
Route 66 into a winter bike tourism race. Funds from years 6 to 10 may be used in
preparing and building portions of this within Barstow.
In succeeding years funds could also be used for creating walking trails and
formalizing some of the trails south of the city that already draw dirt bikers and ATV
enthusiasts.
5.3.3.4 Roads
A gasoline tax is traditionally used to improve the roads the cars & busses drive
on. There are many roads that need repair in Barstow. Roads are a large expense for
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cities. The budgeted 15% or roughly $1500,000 a year will build less than a ½ mile of
road. This money will probably be folded into existing budgets for roads or saved for 5
years before starting a project. An expensive cost in doing road repair is getting the crew
to come to the site and set up equipment. Repairs done less often but on a larger area will
wisely use the road budget. The road fund takes the largest portion of the gasoline tax,
partially because first, any work in this category takes more funds, and second, the city’s
population will expect a tax on vehicles to work towards improving the driving
conditions in the area. The engineering department is traditionally in charge of road
maintenance and repair and the following are suggestions of what this section of the tax
could be used for based on some of the existing locations the engineering department
would like improved:
1. Section 7
2. 1st Street Bridge
3. Building a road to connect the community college to Outlets area
4. High Point Parkway Road connection
5.3.3.5 Sidewalk Improvements
Barstow has many gaps in the sidewalks and sections that are not American
Disability Act (ADA) friendly. These include no sidewalk in locations that have not
developed and because many areas of Barstow do not have a park strip, the driveway
slopes up inside the sidewalk area which is very difficult for a wheelchair to navigate.
The city has updated code to require new driveways to have a rolling curb and 4 feet of
no more than 2% slope that will be easier for wheelchairs to navigate but the city cannot
make existing landowners change their driveway. Adding sidewalk and gaining
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permission to fix non-ADA compliant driveways will make the city more walkable for
people of all abilities.
Although there are regular sidewalk repairs that city staff works on repairing
yearly, one of the key priorities the city is looking to implement is increasing ADA
accessibility.
1. Improve ADA accessibility on sidewalks ¼ mile around vital areas including
schools, grocery stores, hospital, post office, library and downtown main street.
2. Identify gaps in the sidewalk infrastructure where sections of sidewalk have not
been built in the main part of the city, and use sidewalk funds to build/insert
missing connections.
5.3.3.6 Public Art
The last 5% of the tax is reserved for public art and public site furnishings. If
Barstow aims to turn itself into a tourist destination, it is the little details that can make a
place. Barstow has lots of public art and theming things such as bike stands, benches, and
garbage cans, can give the city a unique feel that will draw the tourism the city is seeking.
To involve the citizens in their community, this section is designed to let the citizens
propose ideas for how this funding would be used, and then let a citizen committee judge
the proposals and forward them to City Council for final approval (See Section 5.3.4).
5.3.4
•

Who Determines What Projects Receive Funds?
City Manager: For regular city operations the city manager and finance staff are
allowed to determine moving of funds for salary and for buying office supplies.
Minor sidewalk and road repairs can be approved by the city manager.
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City Council / City Manager: Approve a Capital Improvement Plan (CIP). There
are regular funds set aside for sidewalk and road repair. Most of the road,
sidewalk, park, and bicycle routes would be organized into the CIP. Ideas would
be submitted by staff, approved by the city manager and voted on by the city
council.
o The bus infrastructure funds may require special meetings between
the City and VVTA before the funds are put into the CIP.

•

Citizen Committee: The public art funds may have a significant number of
submissions from the public. To vet through them, they would first be sent to an
existing citizen committee in Barstow called the Measure Q Committee. The
committee will look over the applications then present viable options that fit
criteria to council.

5.3.5

Gas Tax: Timeline Getting to the Ballot
Visual timeline is provided in Table 5 at the end of this section.
Step 1 - Draft the Gas Tax Ordinance & 10 year Expenditure Plan
•

Use a similar example to draft the ordinance – suggestion (San Bernardino
County Transportation Authority (SBCTA), 2019)

•

Hold Public Workshop to learn of desired public projects

•

Draft the Ordinance & 10-year plan

•

Have attorneys review it

Step 2 – Gather City Council and Community Support
•

Present to Council–have the ordinance sent to the ballot
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•

Actively promote to community –meetings, flyers, posters ex

66

Step 3 - Get it on the Voter Ballot–Register with State before April 26th
•

Taxes are defined as either general or special. General taxes only need a
vote from 51% of the population and the city council uses them as they
choose on a yearly basis. Special taxes need a 2/3 vote, but then, all or a
portion of the taxes may be assigned to a specific purpose such as the
police department or for bike trails. It is more common for funds in the
General Fund to be absorbed in personnel costs rather than infrastructure
costs and to this end it is desirable that the tax is designed as a special tax.
Citizens in Barstow do not like general taxes and are likely to vote against
them. A tax towards trails, roads, and green infrastructure is more likely to
capture individual citizens’ approval but needs to sway a larger portion of
the population.

•

There are two ways to get on the ballot, the City Council can put an item
on the ballot, or a citizen initiative can put an item on the ballot with a
sufficient number of signatures.

•

It is recommended to wait until a general election such as the 4-year
presidential election to add items to vote by their citizens. Special
elections are very expensive for a small city and voter turnout is usually
low, increasing the chances of an “anti-tax” contingent swaying the vote
results. Items in a state general election have to be submitted at least 6
months in advance of the election to be on the ballot.
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Zoning Approach
Three types of zoning measures are briefly mentioned in the literature review. In

this section, these three measures are discussed in further detail within the context of
Barstow’s existing policies as well as potential future policies the city may implement.
1. Strengthen public health and building codes
2. Utilize enforcement powers
3. Make targeted investments
5.4.1.1 Strengthen public health and building codes
There are existing codes and setbacks for various structures within Barstow. Local
measures include things such as discouraging metal siding on residential dwellings,
because the 110+ degree Fahrenheit temperatures causes the metal to heat and causes
burns. Another measure is requiring that new houses have their front yard landscaping
installed, this acts as water retention and prevents flooding, as well as improving the
aesthetics of the neighborhood. Similar policies could be used to move future building
out of areas with high air pollution.
1. Policy: New residential buildings are not allowed to be built within 100 ft of the
freeway.
a. 100 ft was chosen instead of 500 ft because many properties are wholly
within 500 ft which makes a 500 ft buffer subject to financial
compensation through takings. The city probably does not have the funds
for that at this time.
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2. Policy: Require new apartments within 500 ft of the freeway to have air pollution
mitigation strategies, such as air filters or certain amounts of trees.
a.

This was split into two policies and previously discussed in vegetation 2
and is discussed in mechanical 3 discussions.

5.4.1.2 Utilize enforcement powers
Laws are only as effective as their enforcement. A policy can work well in one
area and poorly in another because of differences in enforcement. Examples of zoning
enforcement are:
1. Implementing inspections of apartment complexes before a tenant moves in to
ensure the buildings are up to standard.
2. Requiring equipment that produces pollution to be registered and encourage the
phasing out of very old polluting equipment.
5.4.1.3 Buffer Zones/Make targeted investments
A Buffer zone is an area in which development is limited. For example, there are
buffer zones to prevent housing around known surface earthquake fault lines where
geologists predict there may be earth ruptures. A similar buffer zone could be put around
the freeway to limit or prevent residential uses next to the freeway. Targeted investments
would mean that the city would buy a property for a planned development in the future.
The city owns some of the land around the freeway. It could enact a policy that
city owned land within 500 ft of the freeway is considered open space and is not allowed
to be sold or developed. The city has existing regulations for industrial properties that
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excludes residential. If the area next to the freeway were changed to a zone that does not
allow residential then there would be less need for a buffer zone.
Two of these solutions above are explored in more depth in the following
examples.
5.4.2

Zoning Solution 1—Restricting Housing Development Within 100ft. of the
Freeway. Restricting Sensitive Uses such as Schools or Hospitals Within 500ft
of the Freeway and/or Major Highways.

S
•
•

Zoning 1

Easy to enforce – Planning for the future
is more effective than trying to fix
problems after they are built.
Very little cost to the City.

•
•

O
•

Likely to reduce pollution exposure to
future residents.

W
Will not decrease air pollution.
Will not reduce exposure for current
residents.

T
•

The City may be required to buy land if it
is entirely within the 100ft and residential.

Table 6 SWOT – Zoning Solution 1 Restricting housing within 100 feet of freeway
and sensitive uses such as schools within 500ft.

Zoning Solution 1 Summary of Multi-Criteria Decision Analysis Points
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Q1–Would restricting development within 100ft of the freeway and/or highway decrease
air pollution?

•

Priority 1: Ozone- Zoning restrictions would not reduce ozone. It may prevent
future dwelling units from being in the worst pollution areas.

•

Priority 2:Diesel PM and NOx- Would not reduce Diesel PM and NOx.

•

Priority 3: Other Air Pollutants- Would not reduce SO2 CO or other harmful air
pollutants.

Q2–What is the technical feasibility?

•

How would it be done?: Through a city ordinance.

•

Enforcement: Planning and building department. Because it is not a common
ordinance it would probably need to be enforced.

•

Permission from another organization(s) required?: no

Q3–How financially feasible is this solution?

•

Short Term Costs: Staff time to prepare the zone ordinance update. The city may
be required to buy some parcels next to the freeway if a landowner is no longer
able to build within their land area.

•

Long-term Costs: Staff time to check future application
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Q4 – What are the social benefits associated with this solution?

•

Number of people affected: It would not affect current populations but would
distance future population from pollution. Because this change would affect
future uses and prevent future population from being in the area(s) considered to
be most polluted.

•

In environmental justice zone: a change in zoning will not affect people already in
the area but will prevent future development from locating in and exposing
residents to air pollutants.

5.4.2.1 Actionable Policies/ What zoning solutions would a buffer zone look like?

Figure 25 – Illustration of 100 ft buffer zone in red and 500 ft buffer zone in yellow on both
freeways and highways. The blue areas are the focus areas.
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Figure 25 shows two potential buffer areas’ effects. The red area along the
road is the 100ft Buffer designed to prevent residential building. The yellow area to
either side of the red would require additional air filtration or vegetation barrier for
sensitive uses such as schools, apartments, and apartment complexes.
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Zoning Solution 2–Changing Zoning Next to the Freeway to be NonResidential

S
•
•

•
•
•

Zoning 2

Easy to enforce – it is difficult for someone
to build residential in these two zones
Very little cost to the City

•
•

W
Will not decrease air pollution
Will not reduce exposure to current
residents.

T

O

Likely to reduce pollution exposure to
future residents.
May encourage new industrial
development by freeway
Changing land to industrial would not be
a taking.

•

Changing land from residential to open
space may be considered a taking.

Table 7 SWOT – Zoning Solution 2 Changing Zoning within 100ft of freeway to uses that do not
allow residential.

Zoning Solution 2 Summary of Multi-Criteria Decision Analysis Points

Q1 – Would changing the zoning within 100ft of the freeway decrease air pollution?

•

Priority 1: Ozone- Would not reduce ozone. It would prevent future dwelling
units from being in the worst pollution areas.

•

Priority 2:Diesel PM and NOx- Would not reduce Diesel PM and NOx.
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Priority 3: Other Air Pollutants- Would not reduce SO2 CO or other harmful air
pollutants.

Q2–What is the technical feasibility?

•

How would it be done?: Through a city ordinance.

•

Enforcement: Planning and building department would enforce the zoning.

•

Permission from another organization(s) required?: No.

Q3–How financial feasible is this solution?

•

Short Term Costs: Staff time to prepare the zone ordinance update. The city may
be required to buy some parcels next to the freeway if they are changed to open
space as it may be seen as a taking. It may be better to leave the areas as a very
low-density residential zoning.

•

Long-term Costs: Staff time to check future application

•

Long-term Benefits: Distancing residents from pollution.

Q4 – What are the social benefits associated with this solution?

•

Number of people affected: It would not affect current populations. If it is
changed to open space, it would protect future residential areas. If it is changed to
industrial, it may create different issues depending on future development.
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In environmental justice zone: A change in zoning will not affect people already
in the environmental justice area. It will affect how future development occurs.

5.4.3.1 What would a Zone Buffer look like?
Many of the areas next to the freeway are already zoned as non-residential uses or
are already built with residential homes. In figure 26 the colored areas currently allow
some kind of residential construction, and the colors are suggestions of new zoning for
these areas. The purple area would be changed to industrial. The red area already has a
Home Depot, so changing the area to commercial would exclude residential use. The
potential commercial area was extended east along the freeway. The rest of the area was
zoned as open space.

Figure 26– Vacant land that is currently residential within 100ft of the freeway.
These areas would prevent residential in polluted areas if rezoned.
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Mechanical Approaches
There are two types of mechanical approaches mentioned that can clean ozone.

One uses activated carbon filters the way an air filter you use at home does. The other is
used in cleaning water and can be re-charged. This second method is used by
municipalities to purify water ozone but is not yet commonly used to remove air ozone.
Mechanically filtering air is common in households. Many older models used ozone to
remove odors such as cigarette smoke. Most newer models require that more ozone is
removed than created. Activated carbon is used in air and water filtration for removing
pollutants such as ozone, SO2, CO, VOCs, and decreasing NO2. Filtration of particulate
matter depends on the mesh of the material the air is passing through. Filtration systems
often have one set of filters to catch PM 10 and a second set to catch PM 2.5.
1. Mechanical Air Purifying Tower: New technology has designed towers to remove
large quantities of pollution from the air. Both towers studied in this thesis were
designs from the University of Minnesota (Hultgren, n.d.). The design was
created in 2014 and implementation building the Deli location started in 2016 and
completed between 2016 and 2018. At the time of this writing, there is data on
volume of air they clean but no data on the effectiveness of reducing negative
health impacts on the nearby populations.
2. Single Use Activated Carbon Air Filters in Apartment Complexes: There is
significant data on air filters within apartment. Apartment complexes often
circulate air between several residents, requiring a filtration system. Because air
filtration is already required the additional standards would be easy to administer.
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3. Outdoor (Wind and Solar) Powered Filters: There are outdoor wind and solar
powered filters designed to operate in smaller locations such as schools and parks.
The technology described here is new and data used for this section was based on
general air filters.
Mechanical air filters can significantly reduce all forms of air pollution. The
various pros and cons of these individual types are investigated further in the following
sections.
5.5.1

Mechanical Solution 1–Creating a Tower Air Purifier.

S

Decreases ozone, NOx and PM.
A tower air filter would clean the existing
polluted air.
There would be a significant benefit to
those directly downwind of the air purifier.

•
•
•

W

Mechanical 1

•
•
•

High cost of building.
High cost of maintenance –The City may
not be able to afford the upkeep.
Most of the benefit will go downwind to
Cities such as Las Vegas.

O
•

Not passing air pollution to neighbors
downwind.

T
•

Many environmentalists fear that creating
city air filters will make polluters feel
like they have a free pass to pollute.

Table 8 SWOT – Mechanical Solution 1 Tower Air Purifier
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Mechanical Solution 1 Summary of Multi-Criteria Decision Analysis Points

Q1–Would creating an air purifying tower decrease Air Pollution?

•

Priority 1: Ozone- Yes if the passes through a layer of activated carbon or a
hybrid air water activated carbon system.

•

Priority 2:Diesel PM and NOx- Yes, a minimum efficiency reporting value
(MERV) 12 rating for a filter given by the U.S. department of energy means that
the filter will remove 89.9% of particles between 1-3 microns which is the range
of diesel PM 2.5 and 90% of particles between 3 and 10 microns (US EPA, 2019).

•

Priority 3: Other Air Pollutants- SO2 and CO. A MERV 12 filter with activated
carbon could reduce SO2 but would have limited ability to reduce CO.

Q2–What is the technical feasibility?

•

How would it be done?: It would require permission from City Council for the
expenditure. The large funds require would also need a grant.

•

Enforcement: It would need staff to change the filters and maintain it.

•

Permission from another organization(s) required?: this solution would require a
grant and that could count as permission from another organization.
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Q3–How financial feasible is this solution?

•

Short Term Costs to City: The initial building would probably cost upwards of 2
million. This could not be done without a grant.

•

Long-term Costs to City: Current tower air purifiers appear to require changing
air filters. This may need to be done every 1-3 months. High HEPA ratings and
activated carbon filter replacements in homes range somewhere between $30-$50
each. Assume the City would be able to get a discount due to the volume it will
buy. Estimated costs for replacing these filters in India was $544 which was
converted from INR 40K (Indian Rupees). As everything is cheaper in India and
air filters are made in India it may be more accurate to assume that the cost is at
least10X that in the United States or closer to $5,440 either monthly or every 3
months, excluding the cost of staff.

•

Long-term Costs to the Taxpayer: Any costs the city bears will be paid by the
taxpayer.

Q4 – What are the social benefits associated with this solution?

•

Number of people affected: A large air purifier such as the one in Xi’an can
purify about 400,000 cubic meters of air which is somewhere near the air in two
or three large football stadiums in a day. The disadvantage is that the wind is
constantly moving this air. A benefit would accrue to those in the immediate
vicinity and downwind of the tower. Using rough calculations from the vegetation
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section this may help about 3,248 people in Barstow, depending on the location of
the tower. Additionally, purified air outdoors would regularly move away from
the area and into Nevada.
•

In environmental justice zone: A tower would be built slightly upwind of the area
of most concern. It is likely that all of the benefits would be in the affected
environmental justice population.

5.5.1.1 Additional Information Air Purifying Tower
Guttikunda and Jawahar (2020) argue that because air is constantly moving, air
pollution should be solved at the source of the pollutant rather than after the pollutant is
released into the environment. This is because a drop of pollution is like releasing drops
of food coloring into the ocean. It can be filtered out at specific locations if you notice the
color of the water is turning ugly, but one drop spreads and travels long distances. A filter
in a community is unlikely to mitigate multiple large polluters.

5.5.2

Mechanical Solution 2–Multiple Smaller Air Purifiers.
Note: Statistics on this project were based on the Nevon Solar Outdoor Air

Purifier. Potential locations for air filters are given in 5.5.2.1.
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Mechanical Solution 2 Summary of Multi-Criteria Decision Analysis Points

S
•
•
•

W

Mechanical 2

Decreases Ozone, NOx and PM.
Could create pockets of clean air in areas
at most risk such as schools near the
freeway.
Possible to implement more easily tested.

The purifiers would have a regular cost of
maintenance and upkeep.
Because they are used outdoors, most of the
purified air will immediately travel
downwind.

•
•

O
•
•

The City could target areas of greatest
concern.
Not passing air pollution to neighbors
downwind.

T
•

The smaller, more portable size may
make them prone to vandalism and theft.

Table 9 SWOT – Mechanical Solution 2 Multiple small air purifiers

Q1 – Would multiple small air purifiers decrease Air Pollution?
•

Priority 1: Ozone- Yes, if the air filter includes an activated carbon layer.

•

Priority 2:Diesel PM and NOx- Yes, a MERV 12 rating for a filter means that the
filter will remove 89.9% of particles between 1-3 microns which is the range of
diesel PM 2.5 and 90% of particles between 3 and 10 microns (US EPA, 2019).

•

Priority 3: Other Air Pollutants- SO2 and CO. SO2 and CO. A MERV 12 filter
with activated carbon could reduce SO2 but would have limited ability to reduce
CO.
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Q2–What is the technical feasibility?
•

How would it be done?: A grant acquired by the schools. The city could aid in
the grant search and acquisition. Results would require a school participation.

•

Enforcement: Someone to replace filters and possibly move outdoor units in and
out to prevent theft.

•

Permission from another organization(s) required?: May need permission from
the principal of the participating school or permission from the school district.

Q3–How financially feasible is this solution?
•

Short Term Costs: Each unit is $1,165.

•

Long-term Costs: Replacing air filters. Maintenance could be up to $200 per unit
every 1-3 months depending on use and the amount of pollution filtered.

•

Long-term Benefits: Possibility of reducing hospitalized asthma cases in the
community and asthma cases in general among school aged children.

Q4 – What are the social benefits associated with this solution?
•

Number of people affected: If the filters were placed near schools, it would affect
31.9% of the population. A one school experiment should be tested to see if there
are measurable health effect improvements.

•

In environmental justice zone: Yes.

5.5.2.1 Additional Information – Multiple Small Air Purifiers
The advantage of the small air purifiers is that the city could run it as an
experiment. The city could put the air purifiers around a school for 6-12 years and see if
it reduces cases of respiratory illness such as asthma in local children. If the experiment is
successful, this model could be scaled up with more support and funding.
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Mechanical Solution 3–Activated Carbon Filters With a MERV 11 or Higher
Ratings in Apartment Complexes Within 500ft of the Freeway.

S
•
•
•

Effective for reducing ozone, NOx, PM
and other pollutants.
Would create clean air in the home of
environmental justice communities.
Easy to implement.

O
•

Mechanical 3

Reducing total pollution in the area.

•

•

•

W

Difficult to enforce after initial building
as the landlord would have to change the
filters yearly and it would be difficult to
check to see if they downgraded to worse
filters.
Increases cost of building apartment
complexes.

T

Regulation often increases the cost of
building and maintenance. One item
increase might not make much of a
difference in the total building calculation,
but California has many of these
regulations and combined may significantly
increase the cost to build.

Table 10 SWOT – Mechanical Solution 3 Activated Carbon and MERV 11 filters in apartments

Mechanical Solution 3 Summary of Multi-Criteria Decision Analysis Points
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Q1–Would apartment air purifiers decrease Air Pollution?

•

Priority 1: Ozone- Yes if the filter contains a layer of activated carbon.

•

Priority 2:Diesel PM and NOx- Yes, a MERV 12 rating for a filter means that the
filter will remove 89.9% of particles between 1-3 microns which is the range of
diesel PM 2.5 and 90% of particles between 3 and 10 microns (US EPA, 2019).

•

Priority 3: Other Air Pollutants- SO2 and CO - SO2 and CO. A MERV 12 filter
with activated carbon could reduce SO2 but would have limited ability to reduce
CO.

Q2–What is the technical feasibility?
•

How would it be done?: City ordinance.

•

Enforcement: Building and planning department. It would be difficult to enforce
that replacement filters are still rated MERV 11 or higher unless a renter
complained to the city.

•

Permission from another organization(s) required?: No.

Q3–How financial feasible is this solution?
•

Short-term cost to City: Staff time and pay for adding the ordinance to the
municipal code.

•

Long-term costs to City: Requiring a staff member to check new applications for
this element.

•

Short-term costs to landowner: Buying and installing the MERV 11 filter. It
would increase the initial cost of building the apartment complex. Apartment
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complexes are required to have air filters, but MERV 11 activated carbon filters
are not the cheapest available filters.
•

Long-term costs to landowner/Resident: Changing the air filter on a regular basis.
Some landowners have residents change their air filters, if that is the case the
integrity of the air filters may depend on what the resident changes them to. In
most cases the landowner would make up for the extra cost in the cost of rent.

•

Long-term benefit to resident: Cleaner air at main living space. Activated carbon
filters would benefit the residents as they also remove noxious smells that
neighbors may produce. May reduce medical costs.

•

The benefit and costs would also be localized inside the apartment complex.
Maintaining this would require little cost to the city.

Q4 – What are the social benefits associated with this solution?

•

Number of people affected: localized to the new apartment complexes.

•

In environmental justice zone: Yes, the 500 ft from the freeway has one of the
highest Environmental Justice communities.

5.5.3.1 Additional Information for Mechanical Air Filters in Apartment
Complexes
Air pollution is easier to control within an enclosed space such as a building. The
MERV 11 filters decrease pet dander and other respiratory irritants in the air. These
filters would remove some of the negative side effects of having close neighbors. People
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in Barstow spend lots of time indoors during the summer, activated carbon filters would
be an easy way of significantly improving air quality for small pockets of environmental
justice populations.
Activated carbon filters would only be required in areas within 500 ft of the
freeway to reduce burden on builders. Land 500 ft from the freeway tends to be less
expensive and zoned for higher density housing because it is close to utilities and has the
unique health concern that would require this measure.
5.5.4

Actionable Policies/ Solution Locations
Figure 27 shows good locations for the single tower air filter (black cross). The

three white circles designate schools within the poverty area closest to the freeway. One
of these three school locations that could be used to test if smaller air filter make a
difference at schools.

Figure 27 – The cross is a potential location for a large tower air filter and the
three circles are schools where smaller air filters could be tried at.
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Freeway Walls
Freeway walls are not effective for ozone or NO2 reduction, as discussed in the

literature review, but can encourage the mixing of freeway air with air above the
community and the movement of particulate matter in that air away from next door
neighborhoods if the road is not below grade, and if the winds are parallel to the road. In
the additional information you will find that this is only effective for a short distance and
freeway walls are completely ineffective as a pollution reduction technique for Barstow.

S
•
•

Freeway Walls

Reduces sound pollution to communities.
Reduces PM pollution to immediately
adjacent community. Although not in
Barstow.

•
•
•
•
•

O
•

Sound reduction to Environmental Justice
communities.

Table 11 SWOT – Freeway Walls

W

Does not reduce ozone or NOx.
Increases concentration of pollutants on
the freeway.
Not always effective depending on wind
direction.
Requires Caltrans Permission.
Expensive.

T
•

Makes it difficult to expand the freeway
or add other uses to the freeway such as a
rail line.
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Freeway Walls Summary of Multi-Criteria Decision Analysis Points
Q1 – Would adding a freeway wall decrease air pollution?
•

Priority 1: Ozone- No evidence was found that freeway walls decrease the amount
of ozone in surrounding communities.

•

Priority 2:Diesel PM and NOx- There is evidence that, under the right
circumstances, freeway walls reduce PM in directly adjacent neighborhoods
because it allows prevailing winds to pick up the particulate matter at a higher
altitude and carry it. The circumstances for this do not seem to be present in
Barstow (see additional information). Evidence does not support that freeway
walls reduce NOx.

•

Priority 3: Other Air Pollutants- SO2 and CO. It is unclear from current evidence
if SO2 or CO would be reduced.

Q2–What is the technical feasibility?
•

How would it be done?: Constructing freeway walls would be voted on by City
Council and come as a Capital Improvement Project (CIP) from the city’s general
fund or, more likely, will be done by California Transportation Authority
(Caltrans). Caltrans owns the major freeways and highways of California.

•

Enforcement: It may need staff to maintain it and clean up graffiti.

•

Permission from another organization(s) required?: The California Transportation
Authority (Caltrans) owns the major freeways and highways of California. Most
freeway walls are in Caltrans right of way and so it would require their permission
to build more freeway walls.
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Q3–How financial feasible is this solution?
•

Short term costs: In 2006 Federal Highway Administration a freeway sound walls
are from 9-23ft and cost on average $21-24. In 2016 the average was $32.58 for a
ground mounted freeway wall (U.S Department of Transportation Federal
Highway Administration, 2017). No new wall would need to be built in Barstow
as Caltrans has built walls or berms for noise mitigation next to all existing
neighborhoods adjacent to the freeway.

•

Long-term costs: Removing graffiti. Occasional maintenance

•

Long-term benefits: Noise dampening to surrounding housing.
Q4 – Social Benefit

•

Number of people affected: There are existing walls or earth barriers next to
current communities. New walls would be built with community expansion.

•

In environmental justice zone: Yes, environmental justice communities are near
the freeway in Barstow.

5.6.1

Additional Information for Freeway Walls
One researcher, Baldauf, has multiple papers on PM and NOX near the I-15

freeway (R. Baldauf et al., 2008, 2009, 2009; R. W. Baldauf et al., 2013). In 2008, he
studied carbon monoxide and PM and found that the freeway walls tended to trap
particles in the freeway area for at-grade freeways. Another study provides data that
confirms that freeway walls can reduce the amount of PM 2.5 in surrounding
neighborhoods (Shu et al., 2014). Baldauf’s paper written in the publication Air and
Waste Management (R. Baldauf et al., 2009) states that freeway walls can increase the
vertical mixing of pollutants.
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After studying Particulate Matter in 2009 Baldauf switched to studying NOx. The
reports after using NOx say “elevated, fill-section roadways result in higher downwind
pollutant concentrations than at-grade sections when the plume reaches ground level.”
Which is saying the pollution
plume goes back to the ground and
it happens sooner on some types of
freeway grade than others. In
model testing and field tests done
on the I-15 freeway in Las Vegas,
freeways at grade had the highest

Figure 28– (Steffens et al., 2013) The arrows
signify the direction of airflow. The rectangle on the
bottom left side of the figure represents the wall. There
is an eddy pocket to the right of the wall that shows the
locally protected area.

concentrations of pollutants at the site and 300 meters downwind of the testing site
(Baldauf et al., 2013), which means that the freeway wall may only be temporarily
moving pollutants to communities downwind.
Given all of this information, it seems freeway walls would not be effective for
Barstow because the pollution would only miss one or two houses before touching down
300 meters away directly in the environmental justice neighborhoods.
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SYNTHESIS AND IMPLEMENTATION TIMELINE

Plant material and air filter solutions received more methods of analysis than then
other approaches because they are effective for removing existing pollution. Table 12 is a
self-critique of the feasibility solutions. There is a blank version in the appendix designed
to be filled out by multiple professionals with the information in Section 5 summarized in
a pamphlet following it in the appendix. It is designed so that it could be sent out to
professionals to receive feedback on the feasibility of air quality solutions.

Table 13 – Ratings for Air Quality Improvement Solutions
Table 12 – Ratings for Air Quality Improvement Solutions

Requests for a more synthesized version produced the Table 13.

Table 14 - Researchers Top Choices

If the top seven solutions were implemented, then Table 14 gives a rough idea of the
timeline for implementation. The ordinances and pieces of the General Plan could be

COMPARISON OF SOLUTIONS

93

done within 6 months to 1 year. The gasoline tax would need to go on the next general
election which is 2024. After 2024, it would go into an implementation phase which is
shown in light blue. Mechanical Solution 2 is designed as a grant. A school could likely
receive the funds within a year of beginning grant applications but would need 6-12 years
to meet the expectations of the grant. Applying for the grant is shown in dark blue and the
study is shown in light blue.

Table 15 – Air Quality Solution Implementation Timeline.

The Gasoline Tax seemed like the most attractive option for Barstow because the
community has few financial opportunities or resources to improve its circumstances and
address the significant air quality issues. The tax would extract finances from those
traveling through Barstow (often for recreation and tourism between Los Angeles and
Las Vegas), and could inject that cash into infrastructure to mitigate the effects of higher
concentrations of harmful particulates. One thing to note is California is making a
transition toward electric vehicles, this would reduce the longevity of the gasoline tax
over time. However, the increase of electric vehicles, could create a more direct reduction
in harmful particulates near Barstow as an indirect solution to the air pollution. The trade-
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off would be less revenue from the gas tax, but regular improvements in air quality. In the
meantime the gas tax could provide vital infrastructure to attract investment before
becoming insignificant. If Barstow wants to attract more tourism. Bike and walking trails
are keys to attract outdoor enthusiasts who already travel through the area to reach
various state and national parks. Barstow is surrounded by open desert, and it is unlikely
to attract people for vibrant night life unless a casino is built. Outdoor trails already
attract tourism from coast to the desert.
To immediately reduce the impact of air pollution on low-income populations the
best solution is to improve the air in their immediate environment. Mechanical air filters
in apartment complexes are the easiest immediate solution. Trees are the second best and
increase their impact over their lifetime. That is why Mechanical Solution 3, requiring
MERV 11 and activated carbon filters, and Vegetation Solution 2, requiring apartment
complexes within 500 ft of the freeway to have a green barrier, were tied for second. An
ordinance could be added to the Environmental Justice section of Barstow’s General Plan
as an “either/or” choice of green barrier or mechanical solution for new developers.
Zoning does not improve immediate circumstances but can prevent future
populations from being placed in environments that are unhealthy. Zoning Solution 2,
rezoning undeveloped residential areas next to the freeway to a zone that does not allow
residential, is a low cost, simple solution for the city to implement. The city is doing a 10year general plan update and rezoning various areas would be part of this process. This
would complement Zoning Solution 1 in making it more difficult to locate homes in areas
of high pollution.
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Fourth, Mechanical Solution 2 would be implementable as a grant for a multi-year
study of portable air filters around the playground and inside the building of a school near
a freeway. Barstow would be an ideal test city due to the unusually high levels of ozone
and hospitalized asthma cases. A school would be an ideal test case because many
children spend one third of their time in and around the building. Placing air filters in a
school near a freeway may significantly reduce exposure to air pollutants. A six to
twelve-year study period would reduce the risk that the first set of children happened to
have more asthma cases than the second. Study ranges should ensure the capture of data
from at least 3 cohorts of children to prevent false positives. As there are existing records
for number of children in the schools with asthma cases, the existing data can be
compared with the new percentages. There is a possibility this test could significantly
improve the respiratory health of children in the area.
Vegetation Solution 1 is already implemented in Barstow and many other cities. It
is commonly justified as city beautification or slowing traffic on roads for pedestrian
safety. Pollution reduction is another of the many benefits street trees offer.
Vegetation Solution 3, the exercise/vegetation trail, would be a difficult project to
accomplish without the gasoline tax. The city does not have the funds to buy the land and
it is unlikely to get a grant unless it has land ownership or control of the property.
Zoning Solution 1, incorporating a 100ft buffer from the freeway for residential
uses and 500ft for sensitive uses such as schools, could also be incorporated into the
Environmental Justice update. This would prevent future populations from locating in the
areas considered more polluted.
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Freeway Walls and berms currently exist in all areas where residential use is
directly adjacent to the freeway to reduce noise. Evidence indicates that freeway walls are
not very effective at reducing air pollution.
At the time of this writing the Mechanical Solution 1, tower air filter, is the least
likely proposal. The technology is so new that initial cost and maintenance are prohibitive
for a small city. This restriction may change with time.
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CONCLUSION

This thesis set out to identify solutions that will create cleaner air for
environmental justice communities in Barstow, California. State and regional levels are
better equipped to manage total air pollution reduction because of how broadly air
pollution travels in from communities outside of Barstow’s jurisdiction. This author
agrees with Guttikunda and Jawahar (2020) that the easiest location to filter and reduce
air pollution is at the source, and that is handled at state and national levels.
The United States government has done an excellent job of reducing pollution
levels since the 90’s. As seen in the graphs in the literature review, many of the measured
levels have dropped 40-80%. This is massive progress which has happened in a large part
because of the increase of restrictions in 2007 showing effects today.
Unfortunately, there has yet to be significant progress with ground ozone, which
is the main issue facing Barstow. This is partially because it is not a primary emission. It
may also be that groups are unwilling to villainize ground ozone when it would be a
disaster to lose our upper atmosphere ozone. Some groups such as The National Research
Council (1991) have discussed reducing ozone by reducing NO2 and VOC emissions;
though, few have specified which VOCs we should reduce.
For a community like Barstow, mitigation at homes and schools through
vegetation and air filters will be the most effective pollution reduction methods. Barstow
will always have higher ozone levels, but those may be brought down if California NO2
emissions continue to decrease. In addition, Barstow should capitalize on its unique
geographic location to create a small local gasoline tax. This would create a significant
revenue to improve infrastructure and help fund local mitigation strategies.
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